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P. 0. Box 1679
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Telephone:  (530) 533-2885
Facsimile: (530) 533-0197

Attorneys for San Joaquin River Exchange
Contractors Water Authority

BEFORE THE STATE WATER RESOURCES CONTROL BOARD
OF THE STATE OF CALIFORNIA AND THE CENTRAL VALLEY
REGIONAL WATER QUALITY CONTROL BOARD
TESTIMONY OF SAN JOAQUIN RIVER

In the Matter of EXCHANGE CONTRACTORS WATER

Salinity Workshop January 31, 2006 {AWI{.IT%)%Y TESTIMONY OF CHRIS

Hearing Date:  January 31, 2006
1.0 My name is Chris White, and I am a Registered Civil Engineer (California RCE

48073, August 1991). Since 1977 I have worked within the region that includes the service
area of the San Joaquin River Exchange Contractors Water Authority on issues relating to
irrigation and drainage. For the last 11 years, I have served as District Engineer (1993 to
today), and then General Manager (2000 to today) of the Central Ca]ifofnia Irrigation
District. My educational and work experience is set forth on STREC-1.

2.0 The San Joaquin River Exchange Contractors Water Authority (“Exchange
Contractors™) serves an area of approximately 240,000 acres lying adjacent to the San
Joaquin River in the area from the City of Mendota at the South and extending northward
approximately 80 miles to Crows Landing. The largest proportion of the service area
consists of Central California Irrigation District approximately 145,000 acres, Firebaugh
Canal Water District consisting of approximately 22,000 acres, and San Luis Canal
Company consisting of approximately 47,000 acres. The Districts are situated on the West

side of the San Joaquin River, and have sustained irrigated agriculture since the 1880s. A
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portion of the Districts lie downslope and adjacent to the irrigated areas of the San Luis
Unit of the Central Valley Project. STREC-2 is a map of the Exchange Contractors service
area, and STREC-3 is a2 map showing the areas of the San Luis Unit relative to lands within
the Exchange Contractors service area.

3.0 The Exchange Contractors recéive water service primarily from the Delta-
Mendota Canal in exchange for our historic rights to San Joaquin River water, and all of
the CCID, SLCC and FCWD drain iato the San Joaquin River.

I would make the following points to vou and hopefully provide convincing

testimony to support these points:
3.1 The Exchange Contractors and adjacent CVP Contractor lands within

Panoche, San Luis, Pacheco and Westlands Water Districts do have a plan and are
implementing that plan regarding salinity. More than $60 million has been invested in
capital facilities, primarily by the local water agencies, and more than $1 million per year
currently is invested by these agencies in operations to retain salts and to manage salts.
Another $60 million is needed by 2009. Your Board can and should allocate ali or a
portion of this money from Proposition 50 funds. The local agencies will continue to invest
funds for capital and operations, but insufficient funds exist to complete the project in time,
and this is where we need your help.

3.2 Even with these expenditures, it is not possible to get the salt out. of the
San Joaquin River and render it a pristine Sierra river because of groundwater accretion
into the river. The regulations and requirements of the SWRCB, Regional Board and
particularly the 2 part per billion selenium standard for waters that may come in contact
with waterfowl are now retarding and confirsing progress, not stimulating action. The
SWRCB and Central Regional Valley Board should modify some of their TMDL’s and
Water Quality Control Plan Standards and help us implement feasible measures. If done
properly, these feasible measures can be used to actually meet and/or exceed water quality

standards.
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33 The Exchange Contractors are continuing to litigate against the Bureau
regarding drainage requirements, but the effect has been to drive the Bureau into counter-
productive positions and to label the drainage problem as another example of California
craziness. The drainage problem was in fact partially caused by the State not moving
forward with participation in the Drain at an early date. The National Academy of Sciences
is now predicting loss of more than | million acres of productive farm land. There is enough
blame to go around; however, blame will not bring us closer to meetmg water quality
regulations. What we need is leadership and money now.

4.0 The establishment of salinity standards at Vernalis which simply express a
longing for a pristine San Joaquin River, rather than recognizing that a man-altered river
exists, and is being utilized by the Bureau and SWP as a drainage system instead of the San
Luis Drain, are not only unrealistic, they are destructive to the efforts that in fact can be
accomplished to manage salinity and to preserve the beneficial uses of the San J oaquin
River. A salt standard of .7 mmhos/cm EC, especially if adopted as the basis for TMDL
loads at upstream points is not necessary to protect beneficial uses. The harm of the
stringent standards is that they (a) destroy beneficial uses of water and valuable farm laﬁd '
by encouraging salt to be deposited in ground water or retained on the farms, eventually
destroying the area, and (b) force farmers to remove good quality tailwater from the river,
leaving behind only accretion flow. Such a scenario will degrade the quality of water in the
river to 3,000 to 5,000 TDS.

5.0 The concept of a Water Quality Control Plan for salinity is fatally flawed if the
Board simply sets a numerical standard for salinity in which upstream agricultural users are
driven to rerﬁove surface drainage from the San Joaquin River during the whole irrigation
season. The approach will result in the management of drainage flows only temporarily and
will soon devolve into un-managed poor quality drainage from shallow groundwater and
the destruction of our productive farm land.

6.0 The Westside Regional Drainage Plan is 2 means of providing for salinity
management of the area where poor quality drainage water appears and can pass from

3-
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subsurface flows into the San Joaquin River. Tt is consistent with and easily integrated into
an out-of-valley export system which would collect drainage waters from other areas. It
requires the United States and State of California to fund $96 million of further facilities
and to fund the operation and maintenance costs of a reverse osmosis plant which would
treat 4,000 ac ft of drainage flows which is a reduction from approximately 40,000 acre feet
of drainage flows per year which were flowing into the San Joaqtﬁn River in 1996. Some
of your Board Members may not be fully acquainted with the following facts:

7.0 The San Luis Act requires that a drainage system be constructed and operated
by the Bureau as a part of its o?eration of the San Luis Unit. For a varicty of reasons, the
Bureau has not complied with this requirement. One the principal reason was that the State
of California, which was planned to participate in the costs of the San Luis Drain and to
extend it southward to collect drainage from the Tulare Basin area and Kern County,
refused to bear its part of the drainage cost and in fact became an opponent of the discharge
mnto the San Francisco Bay, refusing to issue the necessary permits. The National Academy
of Sciences, the foremost scientific body of this nation, pubﬁshed a report in October of
2005 which predicts the loss of farming productivity and use, groundwater resources which
are depended upon by_ urban residents, and the perpetual use of the San Joaqﬁin River for
un-managed salt exports because the project as originally designed and authorized has not
been completed. A copy of that report is attached as STREC- 4.

8.0 The San Luis Unit’s irrigated lands lie adjacent to the Central California
Irrigation District, Firebaugh Canal Water District and San Luis Canal Company. SJIREC-
3 depicts this area.

9.0 As aresult of the Bureau of Reclamation’s failure to provide drainage to the
San Luis Unit, poor quality subsurface drainage water from the San Luis Unit and the
downsloope Camp 13 area of Central California Irrigation District and Firebaugh Canal
Water District, is discharged to the San Joaquin River.

10.6 The California Aqueduct is routed through the area lying above the Exchange
Contractors, Panoche Water District, San Luis Water District and Pacheco Water District

4-
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drainage impacted lands. The State Watef Contractors and Southern California depend
upon this conveyance canal for water service. All canals leak. That leakage was known
and anticipated. The potential impact upon drainage conditions in the downslope areas
was also known and anticipated. This is one of the reasons that the SWP was to participate
in the construction and operation costs of the San Luis Drair to the San Francisco Bay in
the area of Antioch. When the SWP contractors elected not to participate in and complete
the San Luis Drain with the Bureau, the SWP did not install wells to put the leakage back
into the California Aqueduct. SIREC-5isa copy of a recent report which estimates that
leakage adding to groundwater pressures and downslope migration in the area above the
participants in the Westside Regional Drainage Plan, including areas of the San Luis Unit,
are at 5,730 ac fi/vear to 7,100 ac ft per year from the State Aqueduct. For 40 years (1966
through 2005) no ameliorative actions have been taken by the SWP to recapture this water
which now amounts to 230,000 to 300,000 ac ft. Yet the SWP, at your recent Cease and
Destst Hearings, argued that it had no role in causing or curing the salinity conditions of the
areas draining to the San Joaquin River.

11.0 The answer to solving water quality problems in the San J oaquin River is for
Reclamation, with monetary contributions from the State of Californiz, to provide drainage
to the San Luis Unit and our adjacent area. Such a plan, the Westside Regional Drainage
Plan, has been developed and is based on n-valley disposal. The plan is implementable, is
technically feasible, and modeling shows that it is the key tool that can be used to meet
Vernalis salinity standards,

12.0 Comments from time to time have indicated that some past Board members
and staff have held out hope that the litigation brought by the Exchange Contractors against
the Bureau would eventually lead to a solution. In fact the Exchange Contractors have
diligently pursued litigation, but this Board must remember that no Federal Court can
compel the United States to appropriate money and that litigation and California politics
can drive what might be an otherwise constructive United States government to absolutely

counter-productive positions. One of the most current examples is exemplified by the
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following: In 2004, even though the Central Valley Project Act itself requires that
drainage be provided to the San Luis Unit, the United States and CVP Contractors, citing
provisions of the California Water Code, argued to Judge Wanger that neither the United
States nor its CVP Contractors can be responsible for the monetary damages from a
continuing nuisance caused by drainage waters entering or appearing within the Exchange
Contractors service area.

12.1 The Firebaugh Canal Water District’s predecessor and CCID went to
Federal Court in 1963 and again in 1968 to require that the Bureau build and operate its
drainage. system for the San Luis Unit as the San Lﬁis Act requires. Each time the Court
refused an injunction on the grounds that the Bureau promised that the export system out
of the Central Valley would be constructed and operated. It was never constructed and
operated. Only a collector system for some 42,000 acres was constructed, and that water
was delivered only to Kesterson. That system was shut &own in 1986.

12.2 In 2000, finally the 9* Circuit in the case of Firebaugh v. United States
ordered the Bureau to provide for construction and maintenance of a drainage system for
the San Luis Unit. The Court gave the Bureau the option to consider and implement other
options than the physical San Luis Drain to the Bay, and unfortunately, this has caused the
Bureau to delay taking any action. Since 1985, on the 42,000 acres, and since the early
1970s as to the remaining approximately 200,000 acres, the Bureau is operating what we
refer to as its “Stealth Drainage System” in which drainage of poor quality water eventually
reaches the San Joaquin River either as surface drainage or as groundwater accretion flows.

123 In 2000, in its Decision 1641 (the Bay Delta Decision) rendered in 2000,
the SWRCB Board ordered that by April of 2005, the Bureau provide to the SWRCB its
plan for implementing the drainage system. A plan would seem to require financing. The
Bureau has not provided any reports to your Board. We have asked previously that this
Board enforce its Decision 1641 Order and obtain progress reports and commitments.

12.4 Against this backdrop, the SWRCB and its Central Valley Regional Water
Quality Control Board can continue to adopt salinity, boron and selenium standards at
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Vernalis and at upstream locations, the Regional Water Quality Control Board can pretend
that the Bureau’s “Stealth Drainage System” in fact is not utilizing the San Joaquin River as
a drain, and ignore the fact that although the flow of salinity through this River system and
the tributaries can be managed to protect afl beneficial uses, it cannot be stopped, and
attempt through regulatory standards to demand .7 mmhos/cm EC at Vernalis and above,
which is unnecessary but also unrealistic and counter-productive.

13.0 There is a common belief among regulatory agencies that if they simply tighten
standards the worker bees (the citizens) will find a solution. Tn November, you adopted two
TMDL’s one for salt and boron at Vemalis and a second for Dissolved Oxygen. We pointed
out that ordering us to not remove any water which would reduce flows through the Stockton
Ship Channel was inconsistent with ordering us to reduce the drainage flows that include
algae and also inconsistent with ordering us to reduce salinity in drainage since there is no
means of separating the salinity from the drain water which is desirable to maintain flows in
the River. With an understanding of the Westside Regional Drainage Plan, you can see the
inconsistency and contradiction of these regulatory requirements even more clearly. Since
1996, the region has reduced the drainage flow volumes from approximately 100,000 acres
irrigated from 60,000 ac ft to approximately 30,000 ac fi (Testimony of Joseph McGahan,
Cease and Desist Order Proceeding). Between now and 2009, the Westside Regional
Dramage Plan, to comply with your Basin Plan requirement of no more than 2 parts per billion
of selenium in channels frequented or used to irrigate waterfow! habitat and your discharge
permit requirements for the Grassland Bypass Project, will require the total removal of that
drainage flow. This violates your D.O. TMDL. Now focus on the proposed reverse osmosis
plant which requires state and federal funding, which funding cannot be provided if it would
violate a TMDL. The clean water which exits the reverse osmosis plant must be soid for
urban uses to recover the extreme expense of treatment and disposal of the residue. The D.O.
TMDL prohibits a project which diverts that water to those purposes.

13.1 We and others have asked that you reconsider the TMDL.’s for salt and
boron at Vernalis and the D.O TMDL. Ifyou do not, are we to take that as direction?. Are
-
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we 10 stop reducing drainage flows to the River to maximize dissolved oxygen even though
they contain salt and boron? Are we to not pursue the Westside Regional Drainage Plan?
Would you prefer that we allow the Bureau to continue its expenditure of milkions of dollars
per year for the study of the drainage solution rather than that those sums be directed to
implementing meaningful management facilities? Would you prefer that we all pretend that
your regulations will “clean up the San Joaquin River quality” knowing full well that those
salts removed simply will polhute the underground aquifers and through the shallow aquifers
accrete to the San Joaquin River flows in any case, resulting in the destruction which the
National Academy of Sciences describes?

14.0 We believe that a better plan exists, and the key is your rejection of the fiction that
by implementing regulatory requirements and standards the SWRCB and Regional Board will
somehow prevent the use of the San Joaquin River by the Bureau as a “stealth drain”. The
steps in that “better plan” are as follows:

14.1 Reject the idea that by establishing stringent standards for salt at Vernalis
and upstream (standards that are not necessary to productively continue agricultural use in the
South Delta) you can return the San Joaquin River to a pristine natural stream. As an
example, 1.1 mmhos/cm EC water is routinely applied for irrigation of crops within the
Exchange Contractors, and with modern management and farming methods, no adverse effects
on yields occur. As Dr. Burt explained in your Triennial Review hearings in March 2005, soil
leaching and soil safinity management permit water of much higher salinity to preserve even
the most salt-sensitive cropping. We submit that more consistent water quality is achievable
at Vernalis through the implementation of a water quatity management plan that contains all
the elements contained in the Westside Regional Drainage Plan. We want to dispel the notion
that if you adopt standards upstream of Vernalis, water quality will automatically be
improved. To improve water quality will take projects such as we are proposing in the WRDP,
This plan can be done with existing standards, and new and more stringent standards are

counter-productive at this time.

8-
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14.2 Instruct your Regional Board that the mindless regulation of selenium, boron
and salt will only have the effect of guaranteeing that the San Luis Unit farmers and the
adjacent farmers within the Exchange Contractors are not the dischargers of these
constituents.

14.3 Become the leader in preserving agricultural production by cooperatively
implementing the “Westside Regional Drainage Plan.” Convene a hearing and ask the State
of California and Bureau to come before you and explain how this plan can be advanced and
funded m time to meet the existing water quality standards.

15.0 The Westside Regional Plan cannot be effective unless it is recognized that
establishing discharge permits for the Grassland Bypass Project, as an example, that require
in 2009 that any water entering the San Joaquin River from Sait and Mud Sloughs, have no
greater than 5-ppm selenium or no greater than the .7 mmhos/cm EC that the Regional Board
seems to be patterning after your current standard at Vernalis as an upstream standard, is
counterproductive and contrary to a managed drainage plan. The Westside Regional Drainage
Plan will require time to develop and be effective. All those premature requirements will do is
require that we stop all drainage, salt up the land in this area, pack the shallow groundwater
with selentum, boron and salt-enriched water which will accrete and flow into the San Joaquin
River over a period of years in a totally uncontrolled fashion, and do so long after your
requirements have destroyed the productivity of our lands.

160 So what should this Board do in regard to establishing the Salinity Standard in

the South Delta?

16.1 Indicate that you understand that the San Joaquin has a number of
beneficial uses, including both irrigation and drainage, and that since for the last 40 years
drainage water has entered the soil profile and is migrating downstream both in the forms of
pressure and physical water, that the salinity standards have to recognize the inevitability of’
poor-quality drainage water flowing into the San Joaquin River for a number of years.
Adopt a management plan that provides assurance that reasonable and beneficial uses will be

9
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protected at Vernalis during the irrigation season. Grant reconsideration of the two
TMDL’s adopted in November of 2005. '

| 16.2 Order the Bureau, in conformance with your Decision 1641, to come before
you immediately and explain whether they have a different plan than the Westside Regional
Drainage Plan that the local interests, out of desperation and the Bureau delay, have
developed. Ask the SWP to appear and explain its plan to participate and fund or its
alternatives for recapturing the 300,000 acre-feet it has leaked and contribuied. Ask for
assurance of financial contributions to the implementation of that drainage plan immediately
by both the United States and the State of California.

16.3 The Grassland Bypass Drainage Plan, which currently collects and-
segregates the worst quality waters, is facing a requirement that all collected waters be
removed from Mud and Salt Sloughs by 2009 because the drainage water selenium exceeds 2
ppb. If the Regional Board adopts a standards of .7 mmhos/om EC at upstream locations,
 taking its cue from you, even though this standard is not necessary and does not in any way
protect irrigation use as a beneficial use, all local atterpts to try to fill in for the Bureau’s
inaction will be doomed, and more, not less, saline conditions can be expected at Vernalis due
to uncontrolled drainage and accretion flows.

16.4 Become a Ieader and an organizer, and sublimate the instinct to imagine
simple solutions as achievable through regulation of those who have little control and even
I less money. Explain to your Regional Board and implement yourself in the review of the
Regional Board regulatory activities, including TMDL’s and establishment of upstream
standards, the principle that establishing water quality plan standards based on & longing that

| the San Joaquin River be returned to a pristine natural stream is not reality, and it is not

necessary to preserve beneficial uses. Recognize in your plan for the Southern Delta that

attempts to regulate, ignoring that this is a managed waterway accommodating both irrigation
and drainage uses will be counterproductive, destroying the beneficial use of the Exchange
Contractors farm land, and destroying the efforts to manage the release of drainage water to

-10-
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the San Joaquin in periods and mamners in which the least risk of impairment of beneficial
uses will occur.

Hf called to testify in this matter, I could and would testify to each of the above
matters, except as to those matters stated upon mformation and belief, and as to those
matters I believe them to be true and correct.

Executed this 20th day of January, 2006 at Los Banos, California.

/S/
CHRIS WHITE, P.E.

-11-
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STATEMENT OF QUALIFICATIONS

' CHRIS WHITE
¢/o San Joaqum River Contractors Water Anthonty
Los Banos, Ca 93635
(209) 827-8616

Professional Qualifications:  Resistered Civil Engineer and Licensed Land
Surveyor, California. .

1995 to Present: Assistant Manager and District Engineer, Ceatral California
Irrigation District, Los Banos, California, 4 member agency of the San Ioaqmn Rlver
Exchange Contractors Water Authority (Exdmngs Contractors). ‘

1993 to 1995: - District Engineer, Central California Irrigation District.

1991 to 1993: Project Engineer and Vice President, Stoddard and
Associates, Los Banos, Cahforma . _

'SJREC-1

STATEMENT OF QUALIFICATIONS OF CI—IRIS WHITE
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Sustainability of irrigated agriculture
in the San Joaquin Valley, California

Gerrit Schoups**, Jan W. Hopmans**, Chuck A. Young*, Jasper A. Vrugts, Wesley W. Wallender+, Ken K. Tanji,

and Sorab Panday!

*Hydrologic Sciences, Department of Land, Air, and Water Resources, University of California, Davis, CA 95616; %€arth and Enviranmental Sciences Division,
Los Alamos Hatiunal Laboratory, Los Alsmos, NM E7545; and MHydrogaglogic Inc, Herndon, VA 20170

Communicated by William A lury, University of Calitornia, Riverside, CA, September 5, 2005 (received for review Aprirl .';'9, 2005)

The sustainability of irrigated agriculture in many arid and semiarid
areas of the world is at risk because of 3 combination of several
interrelated factors, including lack of fresh water, lack of drainage.
the presence of high water tables, and salinization of soll and
groundwater rasources. Nowhere in the United States are these
issues more apparent than in the San Joaquin Valiey of Cakfornia.
A colid understanding of salinization processes at reglonal spatial
and decadal time scales is required to evaluate the sustalnability of
irrigated agricuisure. A hydro-salinity model was deveicped to
integrate subsurface hydrology with resctive sait transpart for a
1,400-km? study area in the San Joagquin Valley, The model was
used to reconstruct historical changes in salt storage by hrigated
agriculture over the past 60 years. We show that paitems in soil
and groundwater salinity were caused by spatial variations in soil
kydrology., the thange from local groundwater to showmelt water
as tha main irrigation water supply, and by ectasional droughts,
Gypsum dissolution was a tritical component of the regional salt
balance. Atthough results show that the total salt input and cutput
‘ware about equal for the past 20 years, the model also predicts
salinization of the deeper aquifers, thereby guestioning the sis-
tainability of wrigated agriculture. -

regiona| hydrology | salinization | vadose zone

alinization affects ~20-30 million hectares (ha) of the
world's current 260 million ha of irrigated land (1, 2) and
Imits world food production (3). Salinity reduces water avail-
ability to plants {4} by the accumulation of dissolved mincral sahs
in'waters and soils due to evapomtion, transpiration, and mineral
dissolution. Subscquent salt leaching leads to salt buildup in both
shallow groundwater below the plant root-zone (RZ) and deeper
groundwater bodies (aguifers). The San Joaquin Valley, which
makes up the southcra portion of California’s Central Valley, is
among the most produciive farming areas in the United States.
However, salt buildup in the soils and groundwater is threatcning
its productivity and sustainability,
Currently, there is a good understanding of the fundamental
soil hydrological and cherrical processes (5) that control soil and
groundwater salinity. Much of this understanding was achieved

by using modeling approaches that consider the hydrology and |

s0il chemistry scparstely, that assumc simplified steady-statc
flow for spatial scales not larger than the field, and that only
consider the RZ. However, recent rescarch (6-11) has shown
that soils must be fully coupled with the vadose zone and
groundwater systems for regional-scale studies, especially in
arcas where groundwater tables arc shallow or groundwater
pumping is used {12). Innovative predictive tools are needed that
can be applied at the regional scale and at the long term, so that
the sustamability of alternative management strategics can be
evaluated. For this purpose, an integrated regional-scale bydro-
salinity model was developed to fully couple the hydrology and
salt chemistry of the vadose zone with the groundwater system.
This model emables us to reconstruct historical changes in soil
and groundwater salinization in general and for the westem San

Joaquin Valley in particular (13).

15352-15356 | PNAS | mha;s.zws | volL 102 | no 43

The study area represents a L AQ0-km® irvigated agticultural
region in western Fresno County on the west side of the San
Joaquin Valley (Fig. 14) and includes three alluvial fans. The
alluvial soils are derived from Coast Range alluvium and are
generally fine-textured (Fig. 1B). lrrigation water is mansged by
water districts for water distribotion and drainage management,
Details on the hydrogeologic setting, soils, and history of irri-
gation arc published elsewhere (6. 14, 15) and are summarized
in Supporting Text and Fig. 5, which are published as supporting
information on the PNAS web site. Eadly irrigation in the valley,
starting at the end of the 19th century, was limited to gravity
diversions from the San Joaquin River and developed into
intense proundwater pumping starting in the 1920s, Jeading to an
increase i irrigated acreage westwards and upslope. After
completion of the Central Valley Project and the State Water
Project in 1953 and 1967, respectively, the whole study arca was
irrigated with high-quality imported water from the Sacramento
Valley conveyed by the Delta-Mendota Cznal and the California
Aqueduct. These projects initially resulted in soil leaching of
predevelopment salts. However, increased deep percolation
rates combined with a sharp decrease in groundwater pumping
resulted in a rise of the water table over much of the arca (16).
Since the mid-1980s the extent of saline-sodic soils has steadily
migrated to the west, generally following the expansion of the
shallow water table area [K. Arroues (2002), personal commu-
nication, Nateral Resonrces Control Service, Hanford, CAJ.
The salinity problem on the west side of the San Ioaquin
Valley is partly attributed to the continuous presence of a
low-permeability Corcoran clay layer {6), ranging in depths from
~30 m near the San Toaquin River in the east to a depth of ~250
m in the west, thereby lergely defining the regional hydrology. To
lower the water tables, subsurface drainage systems were in-
stalled to intercept and collect the shallow groundwater. Yet,
soon thereafter it became eminently clear that drainage waters
must be disposed off in an environmentally safe manper. Spe-
cifically, the 1983 discovery of migratory bird deaths and defor-
mities was linked to elevated selenium levels in agricultural
drainage water impoonded in Kestersen Reservoir (17, 18). This
finding fed to an intensivc imvestigation carried out jointly by
federal and state through the San Joaquin Valley
Drainage Program (19). Current solutions include increasing
imigation efficiency, growing alternative salt-tolerant crops,
drainage-water rense, the collection of drainage water in evap-
oration ponds, land retirement, and increased gmundwater
pumping. However, for irrigated agriculture fo remain sustain-
able, a soil sait balance must be maintained that allows for

productive cropping systems.
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Fig. 1.

Overview of the study area. (A) Location of the study area inthe western Sen Joaquin Valiey that includes 13 water districts (W.D.). (8} Soff texture map.

{€)Sail gypsum contents. The main soll types are day (52% of the sty area), day loam{(35%): loam (4 %), and sandyicam (9%). The finer-textured soils are found
in the valley Treugh near the San Joaguin River. Thes: solis have day rontems from 40% to 60%. The day fracrion s dominated by the mommorflfonite mineral,
Going from east to west, the solls graduafly become more coarvely textured. A distinct feature is the sandy loam soits developed in straam deposits of Panoche
Creek. Organic matter contents are low. Gypsum is predomanantly presertt in the dowmnlope soffs. Soit data are from ref. 14.

Model Environmant

The adapred modeling approach is based on the coupling of a sofl
chemistry module (20) with 2 regional-scale bydrology model
(21) to yicld an intcgrated approach for simulating three-
dimensional variably saturated subsurface flow and reactive salt
transport (13). The horizrontal boundarizs of the mode! domain
coincided with the hydrologic boundaries of an eardier regional
groundwater flow model (6), defined by the trough of the San
Joaquin Valley on the east, the Coast Range foothills in the west,
and no-flow boundaries in the north and south of the regiona?
fiow damain (Fig. 1.4). The model domain was discretized into
a regular finite difference grid of 2,960 square cefls of 805-m (05
i) side fength and 64-ha arca, corrssponding 10 a typical ficld

Schoups et of.

size. In the vertical direction, the model domain extended from
the land surface (o the top of the Corcoran clay, using 17 layers
of increasing thickness from the surface downwards. The total
number of active model grid cclis was 36.040. Hydrologic flows
and salt transport were simulated for a 57-year period, from 1940
to 1997, using annual average boundary conditions and -grid
cell-specific soil parameters (Figs. 1 B and C and 5). The salinity
module included reactions such as cation exchange and precip-
itation and dissolution of gypsum and caleite (22, 23). By using
historical crop acresge end water delivery records for each water
district, crops and irfigation amounts were randomly distributed.
leading to the annual assigmment of a single crap to each grid cell.
Other required boundary condjtions were needed 10 quantify
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